Introduction
Petrochemical industry in Japan has shown a great development for the past several years in step with the other nations throughout the world.
The term "natural gas chemical industry", which will appear in this article, should naturally be included in the term "petrochemical industry".
In Japan, however, natural gas is, for the most part, dry gas which has no relation to petroleum. Under such a situation, the petrochemical industry, which uses this dry gas as its raw materal, has so rapidly developed ahead of other petrochemical industries that it has greally revolutionized the methanol and ammonia enterprise, which had heretofore used coke and coal. The petrochemical industry proper, which has used refinery gas and oil fraction as its raw materials, was somewhat late in making its appearance. Such being the case, the natural gas chemical industry of the "petrochemical industry", in a broad sense, is independently considered in Japan.
1. Natural Gas "Natural Gas" , so called in Japan today, is classified largely into the following two groups: wet gas which is a by-product of petroleum, and dry gas which has no relation to petroleum.
In Japan, the latter is largely composed of natural gas dissolved in water is accompanied by connate water.
Exploitation of petroleum for commercial purposes in Japan started in 1874. In this connection, oil field gas has been produced since 1910 at the rate of several MMm3/yr.
Up to a few years ago, however, no attention has been paid to oil field gas which was being used as fuel in local areas, and therefore, when gas was found in the oil exploring wells, they were thrown away.
On the other hand, the use of dry gas dates back to the 17th century, and at the close of the 19th century people were using natural gas In the vicinity around Niigata City, where natural gas dissolved-in-water is abundantly produced from shallow layers, free gas traps containing a small quantity of condensate oil were also found below these shallow layers. With the recent development of natural gas, the relation between "wet gas and dry gas" presents a very interesting subject.
Present
Status of Natural Gas Utilized by the Chemical Industry
At present in Japan, the chemical industries utilizing natural gas as their feedstock are, for the most part, the methanol and ammonia synthetic enterprises.
In 1952, Japan Gas-Chemical Company, Inc. was the first to succeed in building a synthetic methanol enterprise in Niigata by using natural gas for chemical industry.
Its initial capacity was only 300t/month. However, as the cost for producing methanol from natural gas was far lower as compared to that of the conventional coke method, the capacity of Japan Gas-Chemical Company, Inc. has been expanded to 60,000t/yr.
In 1956, Akita Petrochemical Industry Co., Ltd. built a 31,000t/yr. methanol plant in Akita, while Toyo High-Pressure Industries, Ltd. (Toyo  Koatsu) also installed a 19,200t/yr. plant in Chiba. Both of these plants are using natural gas to produce methanol.
At present they are expanding their facilities. As a result, methanol produced from coke will gradually be replaced by natural gas.
Out of the actual methanol production of 121,000t in the business year 1958 (from April 1958 to March 1959), only 38,000t were produced from coke. Methanol production capacity from coke decreased from approximately 100,000t/yr. in August 1958 to 54,000t/yr. in March 1959, and is expected to decrease to 32,000t/yr. in June 1960.
The estimated nationwide demand for methanol in the business year 1959 is 143,000t. The estimated demand classified according to purpose is shown in Table 1 . As indicated, about 60% of the demand is to be used to produce formalin.
With the development of formalin resin, of which urea-formalin resin ranks next to polyvinyl chloride in production in Japan's plastic industry, the production of formalin is being steadily expanded. duced from natural gas has made a great contribution toward the growth of synthetic resin and fiber industries in our country.
On the other hand, the development of ammonia manufacturing method, by using natural gas, has also had a great effect upon the fertilizer industry of the country.
As of April 1959, ammonia production capacity in Japan was 1,420,000t.
In relation to this production capacity, the estimated annual demand (from August 1959 to July 1960) for ammonia, to be used in such ammonia derivatives as nitric acid, industrial urea, etc., was 226,000t, and the estimated annual demand for the use of ammonia fertilizer is about 684,000t. In April 1955, the ammonia manufacturing capacity in Japan was 816,000t. In connection with hydrogen source, 25% of the capacity was based upon electrolysis method, while the remaining 75% on gas method, was fully dependent upon coal or coke. In Japan, the cost of Ltd. and Teikoku Oil Co., Ltd., the largest natural gas supplier in Japan, completed a 100t/day capacity plant in Niigata area.
On the other hand, in July 1958, by utilizing natural gas in the Chiba area, Toyo High-Pressure
Industries, Ltd. started operating a 36,700t/yr., approximately 110t/day ammonia plant to produce ammonium sulfate and urea. The capacity is scheduled to be doubled in September 1960. Only recently Asahi Glass Co., Ltd. has started operating a 100t/day ammonia plant to produce 300t/day of sodium carbonate and ammonium chloride respectively. Also in July 1958, Tohoku Fertilizer, Co., Ltd. in Akita area, which had been using coke method, switched to natural gas.
The production of hydrogen cyanide can be mentioned as a matter of interest, although this industry has only recently been started. In February 1960, Kyowa Gas-Chemicals, Ltd. started producing hydrogen cyanide at Nakajyo, Niigata Prefecture, by employing its unique synthetic method using natural gas, ammonia and air as feed stock.
The purpose of this 32t/month hydrogen cyanide plant is to produce methyl meta-acrylate resin, lactonitril and cyanurie chloride.
Meanwhile a hydrogen cyanide unit of 12t/day capacity, which is scheduled to be completed in May 1960, is under construction by Japan Gas-Chemical Company, Inc. Hydrogen cyanide from this unit is to be delivered through a pipeline to the adjacent plant of Nippon Soda Co., Ltd., where sodium cyanide will be produced through process of absorbing this hydrogen cyanide into aqueous solution of caustic soda. Tekkosha Co., Ltd., which is planning a similar enterprise in Shizuoka, is operating only a small pilot plant for chloromethane derivatives at the rate of 25t/month.
Finally, production of acetylene must be mentioned as a natural gas undertaking. It is natural to expect that production of acetylene from natural gas would be followed by production of ammonia from natural gas. At present in Japan, however, there is no such acetylene plant under construction. off gas is generated at the same time. Unless this off gas is effectively utilized, production of acetylene is not economically justified. However, as this off gas is composed of hydrogen and carbon monoxide at the ratio of 2:1, it is suitable for the production of methanol. If this gas is given some additional treatment, it can be used as feed stock for ammonia. If acetylene is produced at the rate of 20t/day then methanol and ammonia must be produced at the rate of 66t/day and 100t/day respectively from this off gas. This point becomes a problem when the increasing demand for acetylene exceeds that of methanol and ammonia. The rationalization programs for methanol and ammonia (to produce acetylene from natural gas) adopted by Japan Gas-Chemical Company, Inc. and Kyowa Gas-Chemicals Ltd. have made considerable progress. It is, therefore, possible that production of acetylene from natural gas can be started in 1961.
The status of natural gas chemical industry in Japan, as set forth above, is classified into Whichever process may be employed, there will be no problem in the refining process if the object is production of feed gas for synthetic methanol.
As gas produced in Niigata and Chiba areas, the major naturalgas-producing areas of the country, contains very little sulfur desulfurization can be omitted in the process of producing synthetic gas. In the same way, this is advantageous in the production of feed gas for ammonia. Fig. 4 shows an example of the process used by Japan Gas-Chemical Company, Inc. in producing methanol from natural gas.
As the process for producing ammonia from natural gas is somewhat complicated, the flow sheet ( Fig. 5) sodium bicarbonate is separated from the saturated sodium chloride solution by adding ammonia and carbon dioxide, and then ammonium chloride is crystalized out from the mother liquid by adding salt and ammonia. Sodium bicarbonate is calcined into soda ash. In the conventional solvay process, only 70% of sodium chloride was effectively utilized, while 100% of scdium chloride can be utilized by this process. In Japan, where the entire supply of salt for industrial use is being imported, this method can considerably rationalize the ammonium chloride and soda ash processing industry, and also add to the merits of natural gas utilization.
